


















EXPERIMENTAL STUDIES ON ,THE PATHOGENESIS 
OF REFLUX ESOPHAGITIS, 
2087 
羽TITHSPECIAL REFERENCE TO THE RESISTANCE OF ESOPHAGEAL 
MUCOSA TO PEPTIC OR TRYPTIC DIGESTION 
by 
HARUKI TAKATSUKI 
From the 2nd Surgical Department, Kyoto University Medical School 
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The pathogenesis of reflux esophagitis that frequently follows esophag田ardiectomy,
total gastrectomy and cardioplasty, is not fully clarified, and various theories on its 
occurrence have been advanced. The fact that only an esophageal mucosa among 
mucosa of the entire alim~ntary tract is liable to su百erfrom the digestion of the 
gastric or duodenal juice, might be due to the di町erence in the nature of each 
mucosa protein. On this assumption, the author measured quantitatively the resistance 
of esophageal mucosa protein to peptic or tryptic digestion, and compared it with 
those of different portions of the alimentary tract. Further the s伊cificitiesof 
esophageal mucosa to be exhibited toward several components contained in the 
gastric or duodenal juice, were studied histologically. 
MATERIALS AND METHODS OF EXPERIMENTS : 
The alimentary trac句ofdogs were used. 
In the first place, the purified mucosa proteins of the esophagus, stomach, small 
intestine and large intestine were prepared. Then the minimum amounts of 戸psin
or trypsin to decompose a de白ni白 quantityof each mucosa protein were measured 
by the modi白cationof KLEINMANN’s nephelometric method. 
In the second place, the various separated slices were taken out from the walls 
of di町erentp:lrtions of the alimentary tract, and were soaked in several solutions, 
which contained one or more of the following solutions; acid, alkali, pepsin, trypsin, 
dog-bile and cystein, sustaining at 38°C for one hour. Then the histologieal findings 
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of these slices were o国erved.
In the third series of exrロrimcnt, certain operations were carr匂dout on dogs, 
for th巴pユqH->'Oof bringing about the peptic esophagitis in vivo. 
EXPERIMENT AL RESULTS : 
(1) The purified mucosa protein of esophagus showed the lowest resistance to 
p~ptic a-:tivity am'mg the mucosa p1叶einsof each portion of alimentary tract. The 
ord巴rof such i-.:;:sistance of each pr叫つinis demonstrated in the following ratio; gastric 
m即日立 pr<>tein:sm'.tl intestinal m. p.: large intestinal m. p. : esophageal m. p. = 
47.5: 11.5: 1.69: 1. 
(2) In the same manner, the c:sCJphageal mucosa protein showed also the lowest 
resistance to tryptic ac:tivity. The order of the resistance of each mucosa protein 
is shown as follows; small intestinal mucosa protein : large intestinal m. p. : gastric 
m. p. : esophageal m. p. = 1.97: 1.56 : 1.21 : l.
(3) The existen:c~ of antitryptic substance in living mucosa tissues was 
examinecl by ming the・・hom:igenizerl fresh mucosa of the alimentary tract. However, 
no h J:rn,senized m Jc:J-;'.t of various portions denoted any evidence of such sensitivities. 
( 4) In the obs~rvation of the s2parated esophageal slices, it could be seen that 
the injuries Ii：γa pH 1.4 acid solution or pH 8.0 alkaline solution produced no 
histっlo;sicalchanges in the mucosa, and that a pH 8.0 alkaline-tryptic solution or 
pH 6.2 mix~d sJlutioh of tryp3in and bile cause〔lmild changes. Furthermore, a pH 
1.4 a-:id-p~ptic solution or pH 8.0 mixed solution of trypsin and bile caused the most 
severe changes in the squam )US epithelium of the esophagus. On the other hand, it 
waヨobservedthat the addition of cystョin,activator of cathepsin, in十，othese solutions 
increased the activitiesρf ,the pepsin, tn・psin or bile. 
(5) In th色 compa1・atiye observa:tion of the histological changes of each 
separated slice’it ＼アa'3・f＜】、1
injur‘ies, among the mucosa of di町erentportions of the alimentary tract. 
(6) A special op~ation with end-to-side anastomosis between jejunum and 
cervical esophagus was cai•ried out in dogs. In the dogs the whole duodenal juices 
were let flow into the esophagi, and severe esophagitis with ulcerations or perfora-
tions occurred within three da~·s. However, in the .dogs, where the ligation of the 
choledochus was added, only minimum esophagitis were observed. 
In view of the above-mentioned exp己rimen同lresults, it is considered that the 
highest sensitivity of the esophageal mucosa protein to peptic or tiプpticactivit~· has 
an important significance on the occurrence of reflux esophagitis. It is possible to 
understand that this sensitivity is increased hγadding the action of bile, activation 
of catheptic activity or disturbance of circulation in the esophageal wall, and that in 




















































































































十二指腸・~腸口側 1/3 および回腸E工門側 1/3 を除いた小腸
盲腸および直腸を除いた結腸
第2表消化管各部位粘膜蛋白質lmgの分解に要する最小ペプシン量 （y)
Pepsin （×2) N. B. C.1史用．
犬番号 ｜蛋白質濃%度｜ 反応分時間 塩酸反応 食 胃 腸 大 腸
No. 21 0.1 30 pH 1.6 2 40 12 2 
No. 23 0.1 30 pH 1.6 8 240 120 14 
No. 24 0.1 30 pH 1.6 4 200 80 8 
No. 25 0.1 30 pH 1.4 4 360 20 8 







































































＼ ＼ 粘膜ヨ；位 、 ｜ ； 
＼＼ 食道胃 1小腸 ：大場
動物H；二号 －－－－－＿＿. 一 ｜ 
No・21 I 1 I 20 6 
i¥o・23 I 30 15 
20 
1.75 
2 0:0. 24 
t¥o・25




































企 ‘ ． 。． ． ． :o圃
100」 ．。 ． ． ． ． 
食道 買 小腸 丈腸
"' 反応時期301ト閉 蛋白庚3農皮o.osr.
食道 gョ 小腸 丈腸 ． 4-01ト閉月
































































































I Formol滴定法による酸値増加量（N/10NaOH, cc) 
反応時間 結明re宍昨液の種世［｛｜一一一一一一一一一 一一一一一一 了 一一一一一一一
粘膜磨砕液添加 I 粘膜磨砕液不加 ｜判定：仲）賦活， H抑制
食道｜ o.32 o.32 I 土o.oo
胃 I o必 I o必｜ーO.Ql
3時間 小腸｜ u1 I 0.61 I +o.5o 
大腸｜ o.53 I o.41 I +0.12 
対照｜ 0.29 
食 道 0.59 
胃 1.07 
24時間 1J、腸 3.06 
大 腸 0.95 
対 照 0.34 
食 道 0.67 
胃 1.31 
48時間 λI、腸 4.07 
大 腸 1.26 
























































































































































































けた中部食道粘膜の状態 ( x 80) 
第 7図塩酸・ペプシン溶液（pH"l.4）によ






第IO図 lリプシン ・胆汁混合溶液 （pH6.2) 第11図 トリプシン ・胆汁・塩酸システイン （同l6.2)
による中部食道粘膜の変化 （×80) による下部食道粘膜の変化 （×50) 
第12図塩酸・ ペプシン溶液による胃粘膜の 第13図 塩酸・ ペプシン溶液による小腸粘膜
変化 ( x 50) の変化 ( x 50) 
第14図 境酸・ ペプシン溶液ーによる大腸粘膜 第15図 アルカリ・トリプシン・胆汁混合溶液による






































































































































































































































































濯 ~fil 溜 100ccの組戚
丈胆討〈胆妻内〕 20∞ ［卜クプシU 2 

















濯流液のpHを弱酸性としたのはp Vonk, H. J.58＞の
主張したP トリプシン作用はpH6.2において最も著明
に胆汁によって促進を受けるとの説とp Hume, H. V. 










































とは古くから注目されており， Wangensteen, 0. H. 
59）らは食道炎の原因を塩酸ペプシンの消化作用による









































































































































































































































































なり p その比率は 1: 1.69 : 11.50 : 47.50となった．
2〕 同様にトリプシン作用に対する抵抗性も食道粘
膜蛋白質が最も低く p 食道p 胃p 大腸および小腸の比







































I) Allison, P. R.: Reflux esophagitis, sliding 
hiatal hernia, and the anatomy of repair. 
Surg. Gynec. & Obstη92, 4, 419-431, 1951. 
2) Asao, T.: Uber die Spezi白tatder Schleim-
hautproteine des Verdauungstraktus des 
Schweines. J. Biochem., 16. 1, 17-47, 1932. 
3) Aylwin, J. A.: The physiological basis of 
reflux esophagi tis in sliding hiatus diaph-
ragmatic hernia. Thorax, 8, 38-45, 1953. 
4) Baronofsky, I. D. & 0. H. Wangensteen: 
Obstruction of splenic vein increases we-
ight of stomach and predisposes to erosion 
or ulcer. Proc. Soc. Exper. Biol. & Med., 
59, 2, 234-238, 1945. 
5) Bergmann, M., L. Zervas & J. S. Fruton: 
On proteolytic enzymes, VI. On the speci-
ficity of papain. J. Biol. Chem., 111, l, 225-
244, 1935. 
6〕 Bergmann,M., L. Zervas & W. F. Ross: 
On proteolytic enzymes, V[. The synthesis 
of peptides of !-lysine and their behaYior 
with papain. J. Biol. Chem., 111, I, 245-
260, 1935. 
7) Bergmann, M., J. S. Fruton & H. Pollok:, 
The specificity of trypsin. J. Biol. Chem. 
127, 643-648, 1939. 
8) Butt, H. R. & P. P. Vinson: Esophagitis, I. 
Anatomy and physiology and a review of 
the literature. Arch. Otolaryng., 23, 391-
413, 1936. 
9) Carver, G. l¥I. & C. Sealy: Peptic esophag-
itis. Arch. Surg., 68, 3, 286-295, 1954. 
10) Cross, F. S. & 0. H. Wangensteen: Role of 
bile and pancreatic juice in production of 
esophageal erosions and anaemia. Proc. Soc. 
Exper. Biol. & Med., 77，ι1, 862-866, 1951. 
11) Cross, F. S. & E. B. Kay: The etiology and 
treatment of peptic esophagitis. Ann. 
Surgη143, 3, 360-368, 1956. 
12) Driver, R. L.: Ulcer production in intest-
ines of dogs by various enzymes under 
hydrostatic pressure. Proc. Soc. Exper. 
Biol. & Med., 59, 2, 281-282, l 9 l5.
13) Ellis, F. H. & R. T. Hood: Experimental 
esophagogastrectomy; Helation of type of 
resection to development of esophagitis. 
Sur宮.Gynec. & Obst., 98, I. 449-455, 1954. 
14) Ellis, F. H.: Experim巴ntalaspects of the 
surgical treatment of reflux esophagitis 
and esophageal stricture. Ann. Surg., 143, 
4, 465 4 70, 1956. 
15) Ferguson, D. J., E. Sanchez-Palornera, Y. 
Sako, ¥V. Clotworthy, R. W. Toon & 0. H. 
Wangensteen: Studies on experimental 
esophagitis. Surg. 2'l 1022-1039, 1950. 
16) Fruton, J. S. & 1¥L Bergmann: The speci-
自cityof pepsin. J. Biol. Chem., 12.7, 627-
641, 1939. 
17) Geever, E. D. & K. A. 1¥Icrenclino: An eval-
uation of esophagitis in dogs following the 
Heller and Criindahl or:erations with and 
without vagotomy. Surg., 34, 4, 742-749, 
1953. 
18) Grayzel, D. l¥l. & E. G. Miller: The pH of 
the contents of the gastrointestinal tract 
2106 日本外科宝函第28巻第6号
in dogs, in relation to diet and rick<' ts. J. 
Biol. Chern., 76, 2,423-436, 1928. 
19) Herrin, R. C.: Ammonia content, pl-I and 
carbon dioxide tension in the intestine of 
dogs. J.Biu!. Chem., 118, 2, 459-470, 1937. 
20) Hoag, F:. ¥'., L. B. Kiriluk & K. A. '.¥frren-
<lino: Experiences with upper gastrec-
tomy, its relationship to esophagitis with 
special reference to the esophagogastric 
junction and diaphragm. Amer. J. Surg., 
~＜； . 1, 44-55, 1954. 
21) Hofmann, K. & l¥I. Bergmann: The speci-
ficity of trypsin JI. J.Biol. Chem., u:o,81 
86, 1939. 
22) Huml'. H. V., W. Denis, D. N. Silverman & 
E. L. Irwin: Hydrogen ion concentration 
in the human duodenum. J. Biol. Chem., 60, 
3, 633-649, 1924. 
23) 市岡冬太郎：家兎牌臓の蛋自分解酵素作用に就
て．実験消化務病ザ＇ 12, 5, 806～807, 1937. 
24) 石上浩－，高槻春樹p 間嶋正徳p 松尾裕p 佃光
縫：食道外科における逆流性食道炎，とくにそ
の成因について． 日本E臨床． 16, 8, 1233-1248, 
1958. 
25) 石川侃：カテプシンの病態生理学的意義に関す
る研究．実験消化器病学， 15, 697-711. 765-
793, 1940. 
26) Jackson, C.: Peptic ulcer of the esophagus. 
J. A. M. A., 92, 5, 369-372, 1929. 
27〕 Jackson,C句＆C. L. Jackson : Broncho-eso-
phagology. 3rd edition，羽I.B. Saunders 
Company, Philadelphia and London, 1955. 
28) 加藤一雄，他：逆流性食道炎について．日胸外
会，法，7,4, 469-471, 1959. 
29) 加藤哲男，大田満夫，古賀成昌：し、わゆる消化
性演蕩の発生における粘膜の局所素因につい
て．日外会誌， 56,6, 796, 1955. 
30) Kiriluk, L. B. & K. A. Merendino: An exp-
erimental evaluation in the dog of esopha-
gogastrectomy for the high-lying gastric 
ulcer. Ann. Surg., 134, 5, 918-923, 1951. 
31) Kiriluk, L. B. & K. A. Merendino: The 
comparative sensiti¥ ity of the mucosa of 
the various segments of the alimentary 
tract in the dog to acid-peptic action. Surg., 
35, 4,547-556, 1954. 
32) Kleinmann, H. & K. G. Stern: Untersuch-
ungen iiber tierische Gew0bsproteasen. I. 
Mitteilung; Bestimmung und Reinigung 
der i¥Iilzproteinase des Rindes. Biochem. 
Zeitschrη222, 31-83, 1930. 
33) 児玉桂三：胃潰疹発生機転に関する2,3の考察．
実地医家と臨床， 10,12, 1113-1116, •1933. 
34) 古賀成I＂，，高山正道 p 蔵本俊吉： 1寄金摘出後の
逆流性jを道炎について．日胸外会誌p 7, 4,
468-469, 1959. 
35) 神前武和； 昨寸ミ、λ 至文堂，東京＇ 1950. 
36) Kosaki. T. & K. Ishikawa: Studies on the 
patho-physiological significance of cathe-
psin. Jap. J. Gastroenterolり 1,4, 101-146, 
1939. 
37) 桑折度ふ，他 胃全刻後の逆流性食道炎．臨床
外科， 111, 717-725. 1956. 
38) Lee. C. l¥I.: Transpo:sition of a colon segm-
ent as a宮：astricreser、oi1・ after total gast-
rectomy. Surg. Gynec. & Obstり 92,I, 456・
465, 1951 
39) LodεοK. V.: The pathology of non』specific
esophagitis. J. Path. Bact., 69, !,17-2~. 
1955. 
40) 間嶋正徳：胸郭前食道宵または食道空揚~：j合創
の治｛愈機転の研究．日外宝＇ 28, 5, 1766-1783, 
1959. 
41) 松尾裕： 未発表
42) Merendino, K. A. & D. H. Dillard: The 
concept of sphincter substitution by an 
interposed jejunal segment for anatomic 
and physiologic abnormalities at the eso・
phagogastric junction with special refer-
ence to reflux esophagitis, cardiospasm 
and esophageal varices. Ann. Surg., 142, 3, 
486-509. 195. 
43) Miller, J. R. et al.: Resistance of explanted 
gastric mucosa to various chemical and 
physical agents. Surg., 28, 1, 1-10, 1950. 
44) Mosher, H. P.: Infection as a cause of自br-
osis of the esophagus. Ann. Oto!. Rhin. & 
Laryng., 50, 3,633-661, 1941. 
45) 都谷枝万次郎：食道の血管分布＇ (2）犬の食道．
日外宝， 9,4, 983-997, 1932. 
46) 奥村太郎：寝酸による消化管粘膜上皮等電点の
変化について．日外会誌， 58,2, 279-293. 1957. 
47) 大森亮英 ：非特異性食道炎に関する病理解剖学
的研究．東京医科大学雑誌＇ 15, 5' 1063-1106, 
1957. 
48〕 大沢達：食道外科．日外会誌， 34,5, 1319-
1590, 1933. 
49) 大田満夫：消化管壁の蛋白質の化学的研究．日
外会誌， 5,8, 899-907' 1954. 
50) Palmer, E. D.: Subacute erosiveぐ’peptic”）
esophagitis. Histologic study. Arch. Path., 
59, l,51-57, 1955. 
51) Penner, A. & A. I. Bernheim: Acute pesto-
per a ti、Eesopha且・ea!,gastric and duodenal 
ulcerations: Further study of pathologic 
changes in shock. Arch. Path., 28, 129, !939. 
52) Ripley, H. R., A. M. Olsen & J. W. Kirklin: 
Esophagitis after esophagogastric anasto-
逆流性食道炎の成因に関する実験的研究 2107 
mosis. Surg., 32, l,1-9, 1952. 
53) Rona, P.& H. Kleinmann : Nephelometri・
sche Untersuchungen liber fermentative 
Eiweissspaltung, 5. Biochem. Zeitschr., 169, 
320-343. 1926. 
54) Skinner, H. H. & K. A. Merendino: An ex-
perimental evaluation of an interposed 
jejuna! segment between the esophagus 
and the stomach combined with upper 
gastrectomy in the prevention of esophag-
itis and jejunitis. Ann. Surg., 141, 2, 201-
207, 1955, 
55) Stewart, J. D., W. M. Chardack & G. S. 
Alfano: Reflux esophagitis. Ann. Surg., 
141, 5,627-636, 1955, 
56) 高山正道，古賀成島，力丸竜二：食道枯葉の酸
アルカリに対する抵抗性について． 日胸外会
誌＇ 6, 4, 340-341, 1957. 
57) 為宋博：胃潰湯生成に関する化学的機転につい
て．福岡歪科大学維誌， 27,5, 1065-1085, 
1934, 
58) Vonk, H.J.: Die biologische Bedeutung des 
pH-Optimums der Verdauungsenzyme bei 
den Vertebraten. Erg. Enzymforschり 8,
55-90, 1939, 
59）羽Tangensteen,0. H. & N. L. LeYen: Gastric 
resection for esophagitis and stricture of 
acid-peptic origin. Surg. Gynec. & Obstり
88, 5,560-570, 1949. 
60) Winkelstein, A.: Peptic esophagitis, A new 
clinical entity. J. A. l¥1. A., 104, 1, 906-909, 
1935. 
61) Winkelstein, A. et al.: Peptic esophagitis 
with duodenal or gastric ulcer. J. A. M. A., 
154, 1, 885-889, 1954. 
62) 山口逸郎： 食道及び噴門癌根治手術後の愁訴と
しての食慾不振並びに術後逆流性食道炎につい
て．日胸外会t.~ ， 5, 13, 1164-1186, 1957. 
63) 吉岡ー：胃切除後会道炎．日本医事新民 1745,
20-25, 1957. 
